ABSTRACT. The interaction between simian virus 40(SV40)-induced endocytotic vacuoles and the nuclear membrane was investigated using cationized ferritin (CF) and concanavalin A (Con A) as cell membrane markers. These markers bound to the cell surfaces of CV-1 cells together with SV40 at 4°C. Following incubation of these modified cells at 37°C in serum-free medium, the cell membranes showed many invaginations. After incubation for 60 min at 37°C in the same medium, many various-sized vacuoles were present that contained membrane-bound CF, Con A and SV40. After 2 h of incubation at 37°C, Con A was present in some areas of the perinuclear cisterna along the nuclear membrane. The control experiment, however, showed no localization of Con A-binding on the nuclear membrane. These results provide evidence that SV40-induced endocytotic vacuoles migrate toward the nucleus and fuse with its membrane.
Various macromolecular ligands (hormones, antibodies and lectins) that bind to cell surfaces have been reported to undergo endocytosis then to be incorporated by lysosomes, the Golgi apparatus, or both (1, 9, 12, 13, 20, 21) ; but an epidermal growth factor reported to have undergone endocytosis is transported by a pathway independent of the lysosome system (5). Such endocytotic substances as DNA (14) and certain viruses (2, 6, 10, 15, 16) migrate to the nucleus. One, simian virus 40 (SV40), is adsorbed on the cell surface then engulfed by the cell membrane and found in the nucleus by 2 h after infection (10). Maul et al. reported finding SV40 particles in the perinuclear cisterna in 3T3 cells (16). It has been suggested that one path for migration of SV40 into the nucleus is fusion of the endocytotic vacuole with the nuclear membrane (10, 16); but, little is known about the interaction between endocytotic vacuoles and the nuclear membrane.
There are various methods used to demonstrate whether endocytotic vacuoles fuse with the nuclear membrane. One is to determine whether cell membrane markers (e.g., macromolecular ligands) localize along the membranes of the endocytotic vacuoles and the nuclear envelope. Many kinds of ligands that are bound to the cell membrane move laterally on the cell surface (1, 9, 12, 13, 20, 21, 24) . Therefore, it would be useful to label many areas on the cell membrane with plural ligands. We used cationized ferritin (CF) (7, 8, 17, 23) and concanavalin A (Con A) (4, 18, 19) as cell membrane markers to examine whether SV40-induced endocytotic vacuoles are related to the nuclear envelope. 
RESULTS
HRP activity representing Con A localization (Con A-HRP), CF and SV40 were bound over the entire surface of cells incubated with these ligands and SV40 at 4•Ž. Many Con A-HRP and CF molecules were distributed close to this membrane-bound SV40 (Fig. 1 a, b) . Following incubation of these CV-1 cells at 37•Ž in serum-free medium, many invaginations were formed in the cell surface areas in which Con A- •~ 23,000.
HRP, SV40 particles and CF particles were present together (Fig. 2a, b) . When these cells were chased in the serum-free medium for 60 min at 37•Ž, many vacuoles of various sizes that contained CF, SV40 and Con A-HRP were found along the inner surfaces of the limiting membranes (Fig. 3a-c ), but only a few small vacuoles were present in areas in which only SV40 particles had undergone endocytosis. After 2 h of 
DISCUSSION
Such macromolecular ligands as hormones, antibodies and lectins bind to the cell surface, where they undergo endocytosis, and are incorporated by the lysosomes (1, 9, 12, 13, 20, 21). Takata et al. suggested that Con A and CF bind simultaneously to the macrophage surface (22). Our study has demonstrated that both CF and Con A do bind simultaneously to the CV-1 cell surface after which they are taken into vacuoles of various sizes together with the virus particles.
The control study, in which CV-1 cells were incubated only with CF and Con A, revealed CF particles and Con A-HRP in the endocytotic vacuoles and CF taken up by lysosomes, even though identification of the HRP activity that represents Con A localization is difficult in electron-dense lysosomes. Even in cells incubated with SV40 and these ligands, the endocytotic vacuoles contained membrane-bound SV40 and ligands, and the viruses moved into the nucleus (Fig. 5a, c) . Con A is not thought to bind to the virus surface (3). In addition, no migration of these ligands into the nucleus was found in our control study. Therefore, Con A and CF should prove useful markers of the membranes of endocytotic vacuoles in ultrastructural examinations of the interaction between the endocytotic vacuoles and the nuclear membrane.
In cultured monkey kidney and mouse embryo cells infected with SV40, the endocytotic virus present in small vacuoles has been suggested to enter the nuclei during fusion of the endocytotic vacuole's membrane with the nuclear membrane (10, 16). There is, however, no report of any continuity of these membranes that would represent such fusion. Our research on CV-1 cells confirms an interaction between endocytotic vacuole and the nuclear envelope. Con A is clearly present in the perinuclear cisterna along the nuclear membrane (Fig. 5) . CF particles, as well, are present in the perinuclear cisterna of the same cell. As stated, our control experiment indicates that there is no localization of ligands along the nuclear membrane. These results are evidence that endocytotic vacuoles containing membrane-bound SV40 interact directly with the nuclear membrane.
In contrast to results for cell infected only with SV40 (10, 16), we found very few small endocytotic vacuoles, each of which contained single SV40 particle in cells that reacted with CF, Con A and SV40. Therefore, localization of Con A-HRP in areas of various sizes along the nuclear membrane suggests fusion of the nuclear membrane with endocytotic vacuoles of various sizes.
In spite of the positive Con A-HRP staining of the nuclear membrane in the incubation with ligands and SV40, few SV40 particles were present in the perinuclear cisterna. It has been reported that, in cells infected only with SV40, the virus is not often seen on the perinuclear cisterna (16). SV40 particles were transported into the nuclei of cells incubated with SV40 virus, CF and Con A (Fig. 5) during the same culture period as that used for only SV40 infection (10). These imply that SV40 passes quickly through the nuclear envelope. Maul et al. observed virus particles that had been tightly adsorbed on the inner nuclear membrane, invaginated on the inner membrane and present as membrane-enveloped particles within the nuclei of 3T3 cells infected with only SV40 (16). Thus, SV40 particles may move quickly from the perinuclear cisterna into the nucleus by the same path as in 3T3 cells infected with only SV40. We conclude that the endocytotic vacuoles induced by incubation with SV40 fuse with the nuclear membrane, independent of size and the ligands bound to them.
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